Noble metal nanoparticles (MNPs) with controlled diameters in the range 5-15 nm, have been prepared by chemical wet reduction reactions starting from Au precursor in the presence of bifunctional thiolate, i.e. biphenyl-4,4 -dithiol. MNPs have been deposited on electrospinned titania nanofibers by dipping. The composite has been investigated at room temperature in resistive type device under UV irradiation. IV curves show properties of photoconduction and upon exposure towards sulphur dioxide (SO 2 ) a sensing behaviour has been observed. The devices shoved an exponential decay for increasing values of SO 2 concentration .
Introduction
Nanostructured materials and composites are emerging systems due to their applicative fields of research, ranging from energy, [1, 2] environmental, [3, 4] optics, [5, 6] biological, [7, 8] and sensing applications [9, 10, 11] . Their properties directly derive from high surface area-to-volume ratios and among others, metal nanoparticles play a leading role because of the peculiar properties of the nanostructures, combined with semiconductive properties and catalytic activity. [12] For example, platinum nanoparticles are exploited in the literature to achieve hydrogen response enhancing gas sensitivity, and for energy applications. [13, 14] Metallic catalysts based on Ag, [15] Au, [16] and Pt, [17] nanoparticles, can be loaded onto the surfaces of the oxide supports, and in this form can serve as surface activators, promoting the dissociative adsorption of H 2 . Moreover, a promising room-temperature hydrogen sensor may be obtained by combining oxide nanoassemblies constructed of desirably tiny oxide and catalytic noble-metal nanoparticles. [ 18 ] Among others, gold nanoparticles (AuNPs) exhibit a wide range of optical and electronic properties [ 19 ] and surface functionalizations. For example, self-assembled molecular (SAMs) networks with different architectures have been recently developed [20, 21] and opened perspectives in technological applications of AuNPs ranging from catalysis, [ 22 ] sensors, [ 23 , 24 ] electronic properties, [ 25 , 26 ] biotechnology [ 27 ] and nanomedicine in particular diagnosis and therapeutics, [ 28 ] although their possible toxicity needs also to be considered. [ 29 , 30 ] Functionalizing thiols are the most used linkers, among them bifunctional organic or organometallic thiols [31, 32, 33, 34] have attracted our attention for the preparation of metal nanoparticles, in order to tailor the optical and electronic properties of AuNPs and to improve their stability. [35] Titanium dioxide (TiO 2 ) is a widely used material due to its inherent chemical stability, transparency, low cost, and minimal toxicity [36, 37, 38] . Many applications have been developed with nanostructured titania [39] , due to interesting features such as high surface to volume ratio, photocatalytic, photoconductive and wetting properties [40] and with titania nanostructured composite, based on metal nanoparticles. [41, 42] In this paper, sulphur dioxide (SO 2 ) resistive sensing devices based on metal nanoparticles deposited onto electrospinned titania nanofibers are reported.
Experimental Part 2.1 Materials
Reagents were purchased from Sigma-Aldrich Co and used without further purification: 4,4'dibromo biphenyl, Tetrachloroauric(III) acid trihydrate (HAuCl 4 ·3H 2 O), Tetraoctylammonium bromide (TOAB), Sodium borohydride (NaBH 4 ). Deionized water was obtained from Zeener Power I Scholar-UV (electrical resistivity 18.2 M ). Argon flux was flown through the reaction solvents for the deoxygenation of the reaction mixtures. A solution of polyvinylpyrrolidone (PVP, Aldrich, 21,300,000 uma) in anhydrous ethanol (EtOH, Aldrich) added to a 1:4 (w/v) solution of titanium isopropoxide (TiiP, Aldrich 98% ) in a 1:1 (v/v) mixture of glacial acetic acid (Aldrich) and EtOH, was used as TiO 2 nanofibers precursor. Gold nanoparticles stabilized with 4,4'dibromo biphenyl have been prepared by following already reported protocols. [ 43 , 44 , 45 ] Titania nanofibers have been fabricated by electrospinning technique that consisted of two main steps. The rst one was the deposition of the nano brous layer composed of a TiO 2 precursor polymer. The second step was a thermal treatment to remove the organic material and to allow the nano bres crystallization [43] . The composite between Au nanoparticles and titania nanofibers has been prepared by dipping the titania into a AuNPs water solution. [44, 46] 2.2 Instruments FTIR and FIR spectra have been recorded on films cast from CH 2 Cl 2 solutions using KRS-5 cells, with a Bruker Vertex 70 spectrophotometer. UV-vis spectra were run in CH 2 Cl 2 solution by using quartz cells with a Varian Cary 100 Scan UV-vis spectrophotometer. Deionized water, obtained from Zeener Power I Scholar-UV (18.2 M ), was degassed for 30 minutes with Argon, before use.
Sensing measurements
The interactions between sulphur dioxide and the fabricated material have been studied measuring the changes of its photo conductivity. The nanomaterial photoconduction effect was revealed by interdigitate electrodes (IDE) working as a transducer. IDE consisted of 40 pairs of platinum electrodes with a gap of 20 μm, 100 nm thick and 20 μm width, implemented on a passivated silicon substrate (8 x 9 x 0.4 mm). A set of IDE was positioned on the electrospinning collector to deposit the TiO 2 precursor nano bers. The set of devices with the fibers was thermally treated to perform the calcination process and then coated with Au nanoparticles by dip-coating process as previously described. The devices were placed in a measurement chamber made of stainless steel. An ultraviolet light emitting diode (LZ1-00UA00, = 400 nm, PUV =8 mW/cm 2 , by LED ENGIN) was used to irradiate the devices during all the measures presented in this experiment. The LED was placed on the top of the chamber where a quartz window allowing the light to pass, preserving the sealing. Responses were recorded measuring the current (ID) at a xed voltage polarization (VD=500 mV) by Keithley 595 quasi static C/V meter. A gas delivery system consisted of a set of mass ow controller (MKS 147B) was used to generate controlled hydrogen concentration in nitrogen carrier. A cylinder of 200 ppm of SO 2 (SIAD, Praxair) diluted in nitrogen has been used. The measurements were performed at 25° C and at 200 sccm (standard cubic centimetres per minute) of total gas ow and in dry condition.
Results and discussion
Gold nanoparticles were obtained by a wet redox procedure and stable particles with sizes between 3-10 nm, were isolated. FESEM, studies support the nanoparticle formation. After characterizations, AuNps have been casted by dipping on freshly prepared TiO 2 -nanofibers. We used titania nanofibers for their resistance to chemicals and for the considerable surface/volume ratio. This allows a greater wettability during deposition of nanostructured gold particles, maintained in suspension in an aqueous solution. The final outcome is a scaffold with high surface decorated with nanoparticles. This combination makes possible to enhance the nanomaterials sensing properties.In figure 2 the measured current versus the applied voltage in a stream of nitrogen and in presence of UV irradiation is reported. The current versus voltage curves present a typical non linear behaviour due to the semiconducting property of titania. During the material characterization towards sulphur dioxide, we have fixed to 500 mV the voltage across the devices (VD). In figure 3 an example of the device dynamic responses during the exposure of SO 2 is shown. The response of the device to an increasing amount of sulphur dioxide show a decreasing current signal with a saturation region for higher values. The device behaviour is reported in figure 4 . From the graph it is possible to observe an exponential decay trend of the current for increasing values of the sulphur dioxide concentration. 
Conclusions
In summary, we report the preparation of new hybrids, based on electrospun TiO 2 nanofibers decorated by AuNPs combining the properties of TiO 2 photoconduction with gold reactivity and sensitivity. These materials have been studied for SO 2 sensor development at room temperature, showing improved response with respect to that of undecorated TiO 2 -NFs. In fact, AuNPs-TiO 2 NFs investigated as a sensing material towards SO 2 gas in the range 50-200 ppm (at room temperature under UV irradiation) show enhancement of photoconductivity and improved response. On the bases of these preliminary results, this new nanohybrid material is extremely promising for the improvement of gas sensing at room temperature.
